Abstract: Southern Ontario is the most densely populated region in Canada and urbanization is extensive. As a result, a large number of natural areas have been set aside in the cities, such as parks and conservation areas. The value of these areas for conserving lichen biodiversity has not been investigated in Ontario. Therefore, between 2008 and 2014, we systematically examined the lichens and allied fungi in the Arboretum at the University of Guelph, a 165 hectare park and nature reserve centrally located in the City of Guelph, Ontario. One hundred and four species in 55 genera were recorded and several are considered rare. Caloplaca soralifera is recorded for the first time in Canada. Provincially, Acarospora moenium is recorded for the second time, Bacidina egenula and Strangospora moriformis are reported for the third time, and Evernia prunastri was collected for the second time in southern Ontario in over a century. An undescribed species of Chaenotheca with distinctive brown-orange pruina on the capitulum and mazaedium was also discovered along with nine species that have a provincial status rank of S1 (critically imperilled), S2 (imperilled), or S3 (vulnerable). The native old-growth forests contained the greatest number of lichen species, particularly the largest one, which borders the wetland in the Nature Reserve. Investigations for lichens throughout Guelph revealed two species that were not found in the Arboretum. However, a substantial number of species were discovered in the park that were not found anywhere else in the city. Our results show that the Arboretum is a refuge for many lichen species within this urban landscape.
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Introduction:
To conserve biodiversity in a particular area, it is necessary to understand what species are present, where they are located, and which ones are rare or sensitive to environmental change. In Canada, some of this fundamental knowledge is lacking for lichens (Goward et al. 1998) , making conservation strategies difficult to develop for them. Lichen conservation is also challenging because they are particularly sensitive to air pollution (Henderson 2000) . Southern Ontario is Canada's most populated and developed area, and air pollution is present throughout the region (Bates & Sizto 1987 , 1989 , and is especially high in cities (Pengelly et al. 1985 , Thurston et al. 1994 , Luginaah et al. 2005 . Therefore, a greater diversity of lichens occur outside of the cities, which is likely why lichens have almost exclusively been intensively studied in older, relatively undisturbed locations typically far from urban centres and sources of air pollution (McMullin & Lewis 2014; Brodo et al. 2013; McMullin & Lendemer 2013; Selva 2005; Matthes et al. 2000; Wong & Brodo 1992; Brodo 1988 , Wong & Brodo 1973 . Old-growth forests are examples of undisturbed habitats that are good locations to look for and conserve lichen diversity as they contain species that are not usually found in younger forests (McMullin 2008 , Goward 1994 , Lesica et al. 1991 ), but few old-growth forests remain in southern Ontario (Henry & Quinby 2010) . Fragmented secondgrowth forests now dominate the natural landscape. The value of second-growth forests for lichen conservation in Ontario has recently been shown (McMullin & Lendemer 2013) , but a knowledge gap remains about the ability of natural areas in urban settings to capture and conserve lichen diversity, particularly those with old-growth forests. The purpose of our study was to examine an urban park or other natural area for lichen diversity. Our objectives were to: 1. select a location that contained a variety of habitats, including some old-growth forest, and was deeply embedded in an urban setting, 2. visit the area repeatedly until a thorough investigation was completed and new species were no longer discovered, and 3. identify any habitats rich with lichen species. Our results will provide the first comprehensive baseline data on lichen richness in an urban natural area in Ontario. Municipalities, conservation authorities, and private land owners can use these data to compare the lichen richness values of other similar properties and to help identify potential habitats and management strategies for lichen conservation in urban environments.
Materials and Methods: Study Site:
The Arboretum at the University of Guelph is located at the east end of the main University of Guelph campus in the city of Guelph, which is in the southern part of Wellington County in southern Ontario (Figure 1 ). It is located at 43° 33' N latitude and 80° 13' W longitude, has a maximum elevation of 320 m, and an area of approximately 165 hectares (University of Guelph 2014). In January, the average rainfall is 17.6 mm and the average snowfall is 45.8 cm, while the mean temperature during this time is a maximum of -3.7 o C and a minimum of -11.4 o C. In July, the average rainfall is 88.5 mm and the mean temperature is a maximum of 25.9 o C and a minimum of 13.5 o C (Environment Canada 2012). Wellington County is underlain by Silurian bedrock, and Guelph has grey-brown podzolic soils (Hoffman et al. 1963 Sampling: Between June 2008 and January 2014, 49 lichen collecting trips, ranging in time from 1-4 hours, were conducted in the Arboretum. Transects, spaced 35 m apart, were followed from the southwest to the northeast using a compass for the first 25 visits, and covered the entire area. The remaining 24 collecting trips were nonsystematic. We returned to lichen rich areas to examine them in more detail. Collecting in these areas continued until no additional species were discovered on three consecutive trips. Specimens collected were air dried for three days in open paper bags before being identified. Vouchers are deposited at the Biodiversity Institute of Ontario Herbarium (OAC) at the University of Guelph, Ontario and at the University of Maine at Fort Kent Herbarium (UMFK).
Identification: Lichen specimens were identified at the University of Guelph using stereo and compound microscopes, an ultraviolet light chamber, and chemical spot tests with Lugol's iodine, nitric acid, para-phenylenediamine in ethyl alcohol, 10% potassium hydroxide, and sodium hypochlorite, (Brodo et al. 2001; Smith et al. 2009 ). Thin-layer chromatography was used to identify specimens that could not be reliably confirmed by morphology or spot tests following Culberson and Kristinsson (1970) and Orange et al. (2001) .
Results:
On the first lichen collection trip to the Arboretum 25 species were discovered. During the second visit 11 additional species were located, and the third trip yielded 14 additional species. On the forth to forty-ninth collecting trip no more than seven additional species were collected on any one visit and no additional species were found on the final three assessments (Figure 2 ).
One hundred and four lichen and allied fungus species in 55 genera were discovered in the Arboretum. Thirty species (29%) are foliose, 14 (13%) are fruticose, and 60 (58%) are crustose, of which eight (8%) are calicioids (stubble lichens). The photobiont in 93 (89%) species is green algae (90 are chlorococcoid and three are Trentepohlia), three (3%) species have cyanobacteria, and eight (8%) contain no photobiont and are allied fungi traditionally treated with lichens.
Twenty-three lichens in the Arboretum are highly substrate specific and were only found growing on the one substrate that they had previously been known to grow on (Brodo et al. 2001 , Smith et al. 2009 Many lichen species are also habitat specific. In the Arboretum, 28 species occurred exclusively in the unmanaged native woodlands, of which 22 species were found only in the Nature Reserve, the largest of the three woodlands (Figure 1) . Most of the species found in the Nature Reserve that were not found elsewhere in the park occurred in the old-growth forest bordering the wetland.
Many of the lichen species in the Arboretum are considered rare. Caloplaca soralifera is recorded for the first time in Canada. Provincially, Acarospora moenium is recorded for the second time, Bacidina egenula and Strangospora moriformis were collected for the third time, and Evernia prunastri was discovered in southern Ontario for the second time in the last 100 years. An undescribed species of Chaenotheca with distinctive brown-orange pruina on the capitulum and mazaedium was also discovered. Nine species (9%) have a provincial status rank, assigned by the Ontario Ministry of Natural Resources, of S1 (critically imperilled), S2 (imperilled), or S3 (vulnerable): Anisomeridium polypori (S2S3), Arthrosporum populorum (S1S2), Catillaria nigroclavata (S3), Flavopunctelia soredica (S2S3), Phaeocalicium polyporaeum (S2S3), Phaeophyscia hirsuta (S1S3), Physciella chloantha (S2S3), Physconia enteroxantha (S3), and Sphinctrina anglica (S3). Twenty three (23%) species do not have a provincial status rank (SNR).
Annotated Species List
• Lichen species collected in the Arboretum are listed below alphabetically by genus and species.
• Nomenclature mostly follows the 18 th edition of the North American Lichen Checklist (Esslinger 2012) . Any inconsistencies with Esslinger's list represent the opinions of the authors.
• Species authors are cited following Brummitt and Powell (1996) . • Substrates listed refer to the collections made in the Arboretum.
• Personal collection numbers following substrates belong to R.T. McMullin.
• Roman numerals following collection numbers correspond to the georeferenced localities in Table I • + = species that comprise the majority of the lichen biomass in the Arboretum. 
Discussion:
The Arboretum is bordered on all sides by major roads and urban development. It is centrally located in the City of Guelph and heavily used for recreation by students at the University of Guelph and the general public. Yet it contains almost 20% of the known lichen species is southern Ontario (Wong & Brodo 1992 , Selva 2005 , Brodo et al. 2013 , McMullin & Lendemer 2013 , McMullin & Lewis 2013 , McMullin & Lewis 2014 ), including several rare species. Throughout the last four years, investigations for lichens throughout Guelph have indicated that the Arboretum contains substantially more species than occur in the rest of the city. The negative effects of urbanization on lichens have been shown in several other cities, including Halifax (Cameron et al. 2007) , New York (Brodo et al. 1966) , and London (Rose & Hawksworth 1981) . The Arboretum, however, appears to buffer some of the effects from the city and creates an island for lichen biodiversity in this urban landscape.
The Arboretum contains almost all known lichen species that occur in Guelph. During the investigations throughout the city two additional lichen species were discovered that were not located in the Arboretum, Xanthoria elegans (Link) Th. Fr. and Multiclavula mucida (Fr.) R. Petersen. Xanthoria elegans occurs on the cement walking bridge over the Speed River between Arthur Street and downtown. Multiclavula mucida was on a moist log along the Speed River near Herb Markle Park.
Prior to our study, nine lichen species were known from Guelph. Xanthoria parietina was recently reported from the Arboretum (Brodo et al. 2007) , and the other eight species were historical records. The historical records were collected by John Macoun, Canada's first Dominion Botanist from 1881 to 1912, and Harold Hume, a student in the 1890's at the Ontario Agriculture College, which later became a part of the University of Guelph. Their collections were respectively deposited at the Canadian Museum of Nature Herbarium (CANL) in Gatineau and the Ada Hayden Herbarium at Iowa State University (ISC) in Ames. Only two of the eight species that they collected were located again while conducting our assessment, Flavoparmelia caperata ( Choisy ( 1948 -Hume s.n. {ISC 25881}). Lobaria pulmonaria, P. aphthosa, and P. perlatum are known to be sensitive to air pollution, particularly SO2 (McCune & Geiser 2009), so their disappearance from the city is not surprising. The collection location of the eight historical records within Guelph is unknown; therefore, it is not certain if they were collected in the Arboretum. The number of lichens that have been reported from the City of Guelph is 112 in 58 genera, which includes historical and modern day collections. The number of species presently known to occur in the city is 106 in 56 genera.
While conducting our surveys in the Arboretum, we regularly encountered specimens that were poorly developed or immature. Since virtually all of the current habitats in the Arboretum have been available for many decades, we hypothesize that recently improved air quality may be the reason that new species are developing in the park given the sensitivity of some lichens to air pollution (Henderson 2000) . Rose & Hawksworth (1981) showed that a decrease in London's air pollution corresponded with a recolonization of intolerant or sensitive lichen species over a 15 year period, which may also be occurring in Guelph. New legislation in Ontario has resulted in steadily improved air quality in the province since 1988 (Ministry of the Environment 2014), which corresponds well with the establishment of new species in the Arboretum. Guelph also benefits from improved air quality more than most areas in the province since air pollution is generally better moving in a northward and eastward direction across Ontario (Ministry of the Environment 2014). Therefore, we expect additional lichen species to colonize the Arboretum in the future and now that there is a baseline inventory changes can be monitored.
The Arboretum contained several rare species. Caloplaca soralifera was discovered for the first time in Canada. It was recently described from Europe (Vondrák & Hrouzek 2006) , and more recently reported in North America, primarily from the mid-western United States (Wetmore 2009 ). The furthest east that Wetmore (2009) reported it from was Michigan. Our collection is now the eastern limit of its known range on the continent. Caloplaca soralifera is somewhat inconspicuous, particularly when sterile, so it has likely been overlooked in the past and is expected to have a broader distribution than is currently known. When sterile, C. soralifera is similar to Caloplaca pratensis Wetmore, but the latter has laminal instead of marginal soredia (Wetmore 2009) . Acarospora moenium was collected for the second time in the province. It was first collected in Ontario on the Bruce Peninsula (Brodo et al. 2013 ) and after the Arboretum collection was made it was found again in the Copeland Forest (McMullin & Lendemer 2013) and Sandbanks Provincial Park (McMullin & Lewis 2014) . Acarospora moenium is also inconspicuous and is expected to be more common in the province than was previously understood. Strangospora moriformis is recorded for the third time in the province. It was first collected in 2004 (Lee 1730) and 2005 (Lee 1880) in southeastern Ontario by Robert Lee. His collections are in a personal herbarium. Bacidina egenula was also reported for the third time in the province. It was first collected in the Ottawa area (Ekman 1996) and then again on the Bruce Peninsula (Brodo et al. 2013) . Evernia prunastri was thought to be extirpated in southern Ontario as it had not been collected in over a century, but it was recently reported from the Bruce Peninsula (Brodo et al. 2013 ) before it was discovered in the Arboretum. An undescribed species of Chaenotheca with distinctive brown-orange pruina on the capitulum and mazaedium was also discovered and will be described in a future article. Nine species have been assigned a rare rank by the provincial government and 23 species have no rank because too little is known about their distribution. Many of the species discovered, however, that are thought to be rare or that have a low status rank may have been overlooked in Ontario in the past because of the inconspicuous nature of some species and the small number of people studying lichens in the province.
The Arboretum is a refuge for lichen biodiversity in Guelph, but it is unknown if it is uniquely rich with lichens or if other urban parks or natural areas contain similar diversity. Further study is required to better understand the conservation value of such areas in larger cities, cities with more industry, and in cities where the general ecology of the region is different. What our results do show is that uncommon species can occur in urban environments, multiple substrates and habitats help to increase lichen diversity, old and undisturbed forests are rich with lichen species, and that multiple collection trips are required for a comprehensive assessment of the lichens in a particular area. Moreover, urban parks and conservation areas can be managed to promote and conserve lichen biodiversity. 
